Clostridium tetani excretes hemolysins of two size classes, a high-molecularweight hemolysin (HMH), which was eluted near void volume of a Sepharose 6B column, and conventional tetanolysin (molecular weight, approximately 50,000). The total hemolysin activity in the culture supernatant increased sharply with growth of bacteria and remained at a high level during autolysis. The content of HMH, however, decreased from 41% at 4 h of culture to 0.4% at the early stage of autolysis. The cell bodies also exhibited hemolytic activity, 70% of which could be solubilized and separated into HMH and the 50,000 Mr tetanolysin as extracellular hemolysins. The activity ratio of HMH to the total solubilized hemolysins was 0.45, on the average, at 6 h of culture but was 0.23 at the middle of logarithmic growth. Partially purified HMH from both sources appeared as broken pieces of cytoplasmic membranes under an electron microscope. The ratio of proteins to phospholipids in HMH was found to be 3.26, a value similar to that in cell membrane. The total cell hemolytic activity decreased by 90 or 75% upon addition of chloramphenicol or anti-tetanolysin serum, respectively, into a 6-h-old culture of bacteria. It is suggested that HMH is a complex of tetanolysin with a membrane fragment and releases the conventional tetanolysin during bacterial culture.
In an earlier report (9) , we demonstrated the presence of two molecular weight classes of hemolysins excreted by Clostridium tetani. Tetanolysin, the smaller of the two, was composed of four electrophoretically different species with molecular weights ranging from 48,000 to 53,000. The other hemolysin was found in the void volume of a Sephadex G-100 column as the minor peak, with an apparent molecular weight of greater than 100,000. The presence of highmolecular-weight hemolysin (HMH) similar to this in the culture fluid had not been reported previously.
To understand the mode offormation of HMH and a possible precursor-product relationship between the two classes of hemolysins, we studied the properties and distributions of HMH at various stages of bacterial growth. The results suggest that HMH is a complex of hemolysin with a membrane lipid from which the conventional tetanolysin is released during autolysis.
MATERIALS AND METHODS Materials. C. tetani, strain Harvard A-47, stocked in liver-liver broth, was kindly provided by S. Nishida, School of Medicine, Kanazawa University, City, Japan. Anti-tetanolysin serum was kindly supplied by A. W. Bemheimer, New York University, School of Medicine, New York. Trypticase and yeast extracts were products of BBL Microbiology Systems and Difco Laboratories, respectively. Bovine serum albumin (fraction V) and chicken egg white lysozyme (grade VI) were products of Sigma Chemical Co. Chloramphenicol was obtained from Sankyo Pharmaceutical Co., Japan. All of the other chemicals were purchased from Nakarai Chemical Co., Japan, and were of analytical reagent grade.
Culture of bacteria. The procedure of cultivation was as described previously (9) (7) .
RESULTS
Extracellular hemolysins. The extracellular hemolytic activity rapidly increased with growth until autolysis began. During autolysis, the hemolytic activity reached a plateau and remained at the same level for up to 60 h ( Fig. 1) . However, the lethal activity (neurotoxin) appeared only at the onset of autolysis and increased over several days. The extracellular hemolysins could be separated into fractions by gel filtration. The first peak corresponded to the extracellular HMH, and the second corresponded to the conventional tetanolysin ( a A sample of the culture filtrate was applied onto a Sephadex G-100 column to separate HMH and tetanolysin. The activity ratio was calculated from the total HU of the two fractions.
b Concentration of HMH contained in the culture filtrate.
as reported earlier (9) . The concentration of extracellular HMH increased to a maximum level by 6 h and then decreased 90% by 24 h ( Table 1) .
Release of hemolysins from C. tetani cells. Washed cells in suspension exhibited hemolytic activity (Table 2) . About 90% of the activity was solubilized by washing with saline, followed by sonication. The cell-associated hemolytic activity was the highest at 10 h of culture and then decreased with time to zero after 60 h (Fig. 3) . The solubilized hemolysins were also found to separate into two fractions differing in apparent molecular weights on gel filtration. The activity ratio of the cell-bound HMH to the total hemolysins was 45 and 25%, on the average, at 6 and 8 to 11 h of culture, respectively (Table 3) .
Effect of chloramphenicol or anti-tetanolysin serum. Upon the addition of chloramphenicol after 6 h of culture, the cell-bound hemolytic activity decreased to less than 8% in 30 min, whereas the excreted hemolytic activity was not affected at all (Table 4) . When the anti-tetanoly- sin serum was added, the cell-bound hemolytic activity decreased to 26% in 30 min and could not be extracted with saline. All hemolytic activity in the culture fluid was neutralized by antiserum ( Table 4 ), suggesting that both HMH and the conventional tetanolysin reacted with antitetanolysin.
Characterization of extracellular and cellbound HMH. Both HMHs were eluted near the void volume of the Sepharose 6B column, suggesting that their molecular weights were greater than that of thyroglobulin (molecular weight, 669,000 [ Fig. 4] ). These fractions were further purified by ultracentrifugation (40,000 x g, 60 min), followed by sucrose gradient centrifugation of the supernatants. Rechromatograms on Sepharose 6B of most active fractions obtained by sucrose gradient ultracentrifugation showed a single peak in the same position (Fig. 4) . The specific hemolytic activities of the extracellular and cell-bound HMH were 10,000 and 9,400 HU/ mg of protein, respectively. Both HMH fractions contained proteins and phospholipids at a weight ratio of 3.26:1.00, assuming that membrane phospholipids are composed of only dipalmitoyl glycerophosphocholine. Electron micro- scopic observation of the purified HMH from the cell-bound and extracellular fractions revealed a homogeneous particlate structure which seemed to be small fragments of the cytoplasmic membranes (Fig. 5 ).
DISCUSSION Electron microscopic observation revealed that HMH from both the culture supernatant and cell bodies appeared to be composed of cytoplasmic membrane particles. Indeed, the protein-to-phospholipid weight ratio in the HMH preparation was found to be 3.26:1.00, which was very close to the ratio (3.09:1.00) reported by Korn (4) that was calculated from amounts of amino acids and phospholipids in cell membranes of some gram-positive bacteria. This fact suggests that HMH is a cell membrane-bound hemolysin. This suggestion is further supported by the observation that, on addition of chloramphenicol or antiserum which stops protein synthesis or neutralizes tetanolysin, hemolysin could not be extracted from the cells by washing (Table 4) .
Based on the cellular location of bacteria toxins described by Raynaud and Alouf (10), conventional tetanolysin, like other oxygen-labile hemolysins, is classified in group III (true exotoxins). Most of the hemolysin produced by C. tetani was, indeed, excreted into the sur- rounding medium during the logarithmic phase (Fig. 1) . In contrast, pneumolysin, which has long been known to be cell-associated hemolysin (12, 13) 
